To evaluate diarrheal disease control effects of various water and sanitation interventions, a comprehensive search strategy was developed to identify all peer-reviewed papers relating to water and sanitation intervention studies in China. All published studies since 1980 on water and sanitation interventions to reduce diarrheal disease in China were analyzed using meta-analysis. Fixed-effects and random-effects models were used to calculate the summarized relative risk of all included studies. The results show that water and sanitation interventions can be classified into four types:
INTRODUCTION
Diarrheal disease has long been recognized as one of the leading causes of morbidity and mortality in developing countries. In 2010, the disease was cited as one of ten leading diseases contributing to the global disease burden (Lopez et al. ) . According to the Global Health Observatory data (WHO ), there were approximately 1.5 million deaths in 2012 due to diarrheal disease.
Diarrhea is defined as the passage of three or more loose or liquid stools per day (WHO ). This disease typically lasts several days and often leaves the body without the water and salts that are necessary for survival. Exposure to infectious agents is the major risk factor for contracting diarrheal disease.
Bacteria and viruses are often transmitted by the fecal-oral route; thus, approximately 58% of total diarrhea (842,000 deaths worldwide) has been attributed to inadequate water, sanitation, and hygiene (Prüss-Ustün et al. ). There is evidence that clean drinking water, improved health conditions, and implementation of health interventions can reduce 22% increased life expectancy, and overall quality of health and well being (Hulton ) .
The global health community has long viewed access to water supply and sanitation as a fundamental human right.
As such, the WHO and other governing bodies worldwide have focused upon and prioritized the need for working to secure safe water supply and sanitation. According to Millennium Development Goals, the world has pledged to reduce by half the proportion of people without sustainable access to safe drinking water and basic sanitation (UN ). The Report on Global Water and Sanitation showed that in 2012, 89% of the global population used an improved source of drinking water, and 64% used an improved sanitation facility (WHO et al. ) . Many studies focused on the effects of water and sanitation intervention, and metaanalysis demonstrated that implementing water quality interventions was found to be more efficient than utilizing multiple interventions (although most interventions had a similar degree of impact on diarrhea illness) (Fewtrell et al. ) . However, other studies suggested that the total number of benefits of water, sanitation, and hygiene interventions are greater than the total number of health benefits alone, and thus can be valued more than the costs of the interventions (Bartram & Cairncross ) . More recent reviews on the effects of water, sanitation, and hygiene intervention showed that there are notable differences in illness reduction according to the type of improved water and sanitation implemented (Wolf et al. ) . floods have significantly increased the risks of infectious diarrhea in China (Ding et al. ) .
In an effort to respond, the Chinese government increased funding for the construction of water supply and sanitation.
This construction included the building and implementation of centralized water plants as well as sanitation toilets. As a result, the country experienced a significant decline in the incidence and mortality rates of diarrhea, especially among children (Zhong ) . Many studies have focused upon effect or benefit analysis of water and sanitation interventions in China, and the health and economic benefits of various interventions have been estimated using health economics methods.
However, there is no systematic, comprehensive analysis of the data sourced from these studies, and the various water and sanitation interventions are not analyzed specifically for possible policy making. In this study, a comprehensive search strategy to identify all peer-reviewed papers relating to water and sanitation intervention studies in China was developed, and all data of these published studies were extracted and re-analyzed using meta-analysis. In this meta-analysis, the study attempts to determine which of these interventions may be most effective in controlling diarrhea illness: water supply intervention, sanitation intervention, or a combination of multiple measures. locate all peer-reviewed papers in English on water and sanitation intervention studies in China. CNKI (National Knowledge Infrastructure), Wafang Data, and VIP Journal Integration Platform were searched for papers published in the Chinese language. The search terms were as follows: 'drinking water', 'sanitation', 'hygiene', 'diarrhea' and 'intervention.'
Reference lists of all the eligible studies and relevant reviews were manually searched for any additional trials.
Study selection
To be selected for inclusion in this study, the research studies satisfied the following criteria: 
Data extraction
Research data were extracted and sorted by two reviewers independently. Information such as the year of publication, intervention methods, study population, number of diarrhea cases in the intervention and control groups, and sample size of the intervention group and control group provided the basis for review and analysis. Following this sorting process, two reviewers checked the integrity and accuracy of extracted data and resolved differences by discussion. In case of disagreements, other researchers read the literature and decided whether or not to include the study in question.
If the study provided incidence value of diarrhea, this study's authors calculated the approximate number of diarrhea cases from the group size.
Statistical analyses
Revman v5.1 (Cochrane Collaboration) was applied to assess the relationship between intervention and diarrheal disease. Random-effects models and fixed-effects models (which both use a form of inverse variance weighting) were used for each analysis.
Random-effects models were used to summarize the relative risk (RR) estimates if the test of heterogeneity for a group of study results was significant. In the absence of heterogeneity, fixed-effects models were used. The Cochran Q test was used to test for heterogeneity between individual study results (Haidich ) , and Q is distributed as a chisquared statistic with a freedom of k (k is number of studies).
If Q > χ 2 k-1, 0.05, and the value of P was lower than 0.05, the difference in each comparison of group was significant. Sensitivity analyses were conducted to ascertain if the results were stable, as well as to discover the source of heterogeneity, thereby deleting the included studies one by one in a certain order. In the meta-analysis, potential publication bias was examined by Begg's test ( 
RESULTS

Overview of included studies
Through online database searches and cross-referencing of works cited in recent reviews, 308 potentially relevant publications were identified. Based on titles and abstracts, the researchers identified 52 studies for full-text review and excluded 30 studies in 22 published peer review journals due to the fact that these studies met one of the criteria for exclusion. The 22 selected intervention studies included 11 water improvement intervention studies, six latrine construction intervention studies, four health education and behavior intervention studies, and nine multiple intervention studies. Figure 1 details the literature search and screening process and the supplementary table (available in the online version of this paper) summarizes all the included studies.
Improved water supply intervention
There are 11 studies included in the water improvement intervention group, with dates of publication ranging from 1987 to 2014. The total study population observed was 119,936 (Table 1) In the sub-group with water sample tested (n ¼ 3), the RR was 0.44 (0.28-0.67), while the RR was 0.55 (0.49-0.61) in the no water sample tested group (n ¼ 8).
Latrine construction intervention
There are six studies included in the sanitation intervention group, with dates of publication ranging from 2005 to 2014, and a total study population of 35,163 was observed (Table 2) 
Health education and behavior intervention
There are 4 studies included in the health education intervention group, with dates of publication ranging from 1997 to 2009, and a total study population of 24,962 was observed (Table 3 ). Based on χ 2 ¼ 1.54 (P ¼ 0.67), a high degree of inter-study heterogeneity was determined, and a fixed-effects model should be used for combined RR. The overall pooled estimate indicates that health education interventions are effective in reducing diarrheal disease (RR with fixed-effects model is 0.50, 95% CI 0.44-0.56).
Multiple interventions
There are nine studies included in the multiple intervention group, with dates of publication ranging from 1989 to 2014, and a total study population of 43,797 was 
Comparison between study groups
The four sub-groups of the intervention are summarized as Figure 2 . From the figure, it can be concluded that most of the intervention groups have a similar degree of effect on the control of diarrhea, with a RR ranging from 0.33 to 0.55. The various intervention study groups have overlapping 95% CI, showing there was no statistical difference between groups (P < 0.05).
Publication bias
Publication bias was explored through the use of Begg's test and Egger's test, with a result of a P value larger than 0.05, which demonstrated an acceptable publication bias (Table 5 ).
DISCUSSION
Diarrheal disease is one of many types of infectious diseases strongly linked to poverty. Poverty is characterized by those specific elements that would increase the risk of diarrheal disease. These include factors such as poor housing, overcrowding, and lack of access to clean and sufficient water as well as proper fecal waste disposal. Additionally, poverty includes malnutrition and overall poor health conditions, both of which lead to a high mortality rate of diarrheal disease. China is a developing country with a population of over 600 million people who live in rural areas. Historically, rural residents obtained their water directly from unimproved water supply sources such as rivers, streams, lakes, or ponds; some of them have to walk for kilometers to fetch water. In these rural areas, the use of unhygienic When the results were compared with meta-analyses conducted in other countries, the authors of this study found the results to have a higher RR rate in controlling diarrheal disease. Therefore, it is concluded that water and sanitation interventions may be more effective than those that have taken place in other countries. The reasons for this finding could be as follows: (1) The Chinese government attributes great importance to rural water supply and sanitation. The government has placed significant emphasis on water and sanitation development and has set progressive improvement targets related to investments in rural water supply, sanitation, and latrine improvement. The rural water supply and latrine construction has been integrated into national planning, and significant manpower, material resources, and funding allowed for this kind of implementation to take place.
(2) The Chinese government has a strong executive record in the area of water and sanitation programs.
(3) A series of reasonable intervention strategies were developed This study showed similar results to the related studies and suggested during the implementation of rural water supply and sanitation projects, the '3-in-1' concept combining rural water improvement, health environment, sanitation and health education, which could result in greater social, economic, and health benefits. The results also revealed that the intervention of water and sanitation must involve the whole population in aiming to build a comprehensive intervention system at the community level. 
CONCLUSION
Water improvements and sanitation interventions in China
play an important role in reducing diarrhea illness. Improved water and sanitation intervention in China can be attributed to increasing and widespread concern, great investment, powerful executive ability and control, and sustainable and effective strategy. The rapid development of China's economy allowed for the external conditions for the overall improvement of water and sanitation. The benefits of multiple interventions are far greater than ones that yield health benefits alone; therefore, the comprehensive water, sanitation, and hygiene (or health education) interventions proposed will allow for effective control effects of diarrheal disease. The intervention of water and sanitation must involve the entire population if the country aims to build a comprehensive intervention system based on the community level.
